Literature studies suggested that the presence of some plant constituents such as lignin, tannin, cellulose, humic acids, and phenolic compounds are responsible for the brown color of the organic POME [3] . The melanoidins formed in the Maillard reaction of carbohydrates with proteins and the release of fatty acids and lipids during the steam extraction process also contribute to the brown color of the acidic effluent [4] . POME is a thick brownish liquid discharged as waste by the palm oil industries. It causes environmental pollution due to its high chemical oxygen demand (COD), biological oxygen demand (BOD), and acidity. A perusal of POME studies found that the chemical components of POME that are present in huge amounts have the potential to cause a severe environmental problem if discharged without treatment into water resources, and also showed that the concentration of COD and BOD of POME were very high. In addition, polysaccharide content was found to be 28.1-30.3 g/L, suggesting the presence of a high amount of dissolved polysaccharides .The concentration of phenol was also found to be higher in POME, which had been reported as 200-1,000 mg/L. Other components that have been listed were fats, proteins, fibres, total sugars, suspended solids, ash, total nitrogen, and some elements such as phosphorus, potassium, magnesium, calcium, manganese, iron, zinc, copper, chromium, cobalt, cadmium, etc. This high level of chemical composition and brownish viscosity prevents the penetration of sunlight and affects the photosynthesis process of aquatic plants. The chemicals present may chelate with metal ions and become toxic and carcinogenic to the aquatic biota. Hence the impact caused by the discharge of untreated POME is taken into account and the POME is treated properly before being released into the water and other related resources. This is the major concern, and many researchers around the world have come out with different types of studies and methodologies for treating this POME. The discovery of various chemical and physical methods that have been utilized for the removal of the dark brownish color of the POME includes coagulation-flocculation, oxidation, adsorption, electrochemical methods, membrane technology, and activated sludge-granular-activated carbon [5] .
Various plant polysaccharides degrading bacteria were screened specifically, since the presence of high polysaccharide content in POME enables the bacteria to utilize these. This idea supports or makes POME decolorization out to be convenient and enable the bacteria to get a constant source of carbon. Hence, different carbohydrate-degrading micro-organisms such as starch, cellulose, xylan, and chitin were screened and isolated from the enriched soil through the agar plate screening technique via various selective media such as starch agar, CMC (Carboxymethyl-cellulose) agar, XC (xylan) media, and CCA (colloidal chitin agar) media.
Measurements of certain parameters are useful for the identification of an effective decolorization by the selected strains, which include COD, BOD, and color intensity.
The use of aerobic bacteria minimizes production costs, is easy to handle, is effective methodology, and complies with environmental regulations without creating any pollution, although it is time-consuming. Furthermore, the strain improvement can be done by recombinant DNA technology to improve the capability of the strain to decolorize the POME more efficiently and reduce the time taken for the process of decolorization. Numerous studies have reported the use of fungi and anaerobic micro-organisms in the study of POME decolorization, and we have found few-to-no reports regarding the use of aerobic bacteria in the effective treatment of POME.
Materials and Methods

Sample Collection
The enriched soil samples were collected from an agricultural area of three places around the country in sterilized plastic bags. All the bags were labelled to show the date and site of sample collection and were stored in a dark place under axenic conditions at room temperature. The samples were further processed in laboratory conditions for isolation and identification of microorganisms. The rationale behind the sample collection from the different places was to get the better isolates in rich and can be used for the decolorization of POME efficiently.
Materials
XC media, starch, nutrient agar powder, and CM cellulose were purchased from SRL Laboratories Sdn. Bhd. (Kuala Lumpur, Malaysia). All other chemicals, including alcohol and other nutrient materials for the preparation of the media, were obtained from the Laboratory Department of MAHSA University. All the materials were checked on a regular basis for any sign of contamination before the experiment.
Experimental Design
Phase 1: Isolation of plant polysaccharide-degrading micro-organisms (starch, cellulose, xylan, and chitin) from the soil.
Phase 2: Checking for decolorization of POME using selected strains isolated from the soil.
1 g of soil sample was weighed and mixed with 100 ml of sterile distilled water. The suspension was placed under shaking conditions for 20 min and serially diluted with sterile distilled water. These serially diluted samples (10 -1 to 10 -8
) were plated in nutrient agar for screening of bacterial strains. After 24 hours of incubation, the colonies grown were picked based on their different morphological characteristics and labelled with numbers. We used two letter code followed by the number serially to name them (DE stands for decolorization).
They were streaked three to four times in nutrient broth to get pure colonies. These isolated strains were cultured in nutrient slants and preserved in glycerol for maintaining the stock culture at -20ºC. The colonies were identified by Gram staining and colony morphological characters as described by Holt et al. (1994) [6] .
Isolating Starch-Degrading Bacteria
For the isolation of starch-degrading bacteria, the starch agar plates were prepared composed of distilled water (200 ml), beef extract (0.6 g), soluble starch (2 g), and agar (4 g) at pH 7.5. The cultures stored in nutrient slants were sub-cultured on starch agar and incubated for 24, 48, and 72 hours [7] .
Isolating Cellulose-Degrading Bacteria
The cellulose-degrading bacteria were isolated using CMC (Carboxymethyl-cellulose) agar composed of distilled water (100 ml), peptone (1 g Isolating Chitin-Degrading Bacteria
The isolation of chitin-degrading bacteria was done by using colloidal chitin agar media (CCA). The colloidal chitin was prepared separately to be included into the media. The colloidal chitin was prepared according to the method described by Priya et al. (2011), where the shrimp shells in the form of flakes were made into powder form as a source of chitin [10] .
The CCA media was composed of distilled water (250 ml), Na 2 HPO 4 (0.163 g), KH 2 PO 4 (0.375 g), NaCl (0.0625 g), NH 4 Cl (0.125 g), MgSO 4 (0.03 g), CaCl 2 (0.0013 g), colloidal chitin (2.5 g), agar (4.5 g), and its pH was adjusted to 6.0. The isolated cultures were inoculated into the CCA plates by single line streaking and incubated for seven days for the formation of a clear zone surrounding the colony [11] .
The positive isolates were characterized further by colony morphological characteristics such as colony size, shape, margin, color, elevation, form, and Gram staining as described in Bergey's Manual.
Checking for Decolorization of POME Using Selected Strains
The selected seven isolates were subcultured in nutrient broth overnight and 5 ml of each bacterial culture were added to the 25 ml of POME in the conical flasks (the volumes of bacterial cultures were standardized before this). The initial absorbance value of untreated POME was measured at 475 nm wavelength before the addition of bacterial cultures. These treated POME mixtures were incubated for seven days under two different conditions via static, and shaken at twp different temperatures (37ºC and room temperature). The absorbance values of static and shaken condition-treated POMEs were taken at 475 nm wavelength for a period of seven days on a daily basis. The untreated and treated POME were diluted to 1/10 dilution using sterile distilled water when taking the initial absorbance readings and the final absorbance readings in order to calculate the percentage of decolorization [12]:
The readings were taken in triplicate and expressed as a percentage of decolorization in mean ±SD.
Results and Discussion
Isolating Polysaccharide-Degrading Microorganisms
The soil samples collected from three locations were plated and total viable count of bacteria was calculated. This was shown in Table 1 . A total of 36 strains named DE-1 to DE-36 were isolated for our study.
Gram's iodine was used to identify the starch degraders, and the formation of a clear zone surrounding the colony indicated the production of amylase enzyme and hydrolysis of starch by the particular strain. Congo red was used to get the clear zone around the colony, which helps to identify the cellulase-and xylanase-producing bacteria, and thus indicated the degradation of cellulose and xylan by the isolate. The isolates with positive results were recorded. The appearance of a clear zone around the colonies was recorded after three days and was considered a positive result for chitinase-producing bacteria.
The total numbers of isolates selected was 36, which showed positive results and were used to get the scoring shown in Table 2 . The scoring method was used to pick up the isolates for further investigation. The criterion behind the scoring method was the screening for extra-cellular enzyme production by various carbohydrates degrading the capacities of organisms The Gram-staining reaction and characteristics were used to identify the selected bacterial isolates (Table 3) . Morphological characteristics are further used to identify the genera of the organism (Table 4) .
Decolorizing POME Treated with Isolates Selected from Phase 1 Results
Optimizing POME Decolorization in Different Conditions
To optimize the process of decolorization, a set of conditions were maintained at room temperature and at 37ºC with shaking and static. These mixtures were maintained for a seven-day period at these temperatures in both static and shaking conditions where the absorbance values were taken in triplicate for each mixture every day for one week. These absorbance values were used to calculate the percentage of decolorization of POME using the formula given in the materials and methods section.
The result indicated that the POME treated under shaking conditions at room temperature was more effective in decolorizing the POME, as shown in Table  5 . We recognised that these strains might have produced secondary metabolites or enzymes that would have been able to metabolise the phenolic compounds present in the POME. This can be noted when the color intensity of the POME decreases from thick brownish color to light brownish color. Optimum temperature conditions are where the color removal is comparatively reached and also identify the micro-organisms involved. Aeration is one of the factors for the organisms to grow in the culture as they release the secondary metabolites or enzymes actively and decolorize so effectively [13] . It was found that shaking and room temperature conditions were comparatively suited to yield the better percentage of decolorization by the selected seven isolates in a seven-day study period. Shaking conditions at room temperature gave a steady, consistent, and better percentage than at 37ºC. In room temperature shaking conditions, DE-9 and DE-11 strains showed maximum decolorization on the third day, whereas for DE-17 it was on the seventh day. The reason for this was difficult to predict unless we know the details of the strain and their characteristics. At 37ºC, the percentage of decolorization was slow and in general it was increased with the days and for the strains DE-9, DE-11, and DE-17 showing maximums on days 3, 4, and 5, respectively. This was shown in Table 6 .
The percentage of decolorization generally was reduced in static conditions compared to that of shaken conditions for even the strains that showed a good percentage of decolorization, as evidenced by Tables 7  and 8 . It was also found that in static conditions at room temperature and at 37°C there was not much difference in decolorization. The percentage was also not steady in either the order of increase or decrease, and it was unpredictable. One of the major factors for this was the type of strain and its characteristics, and also due to the reduced supply of oxygen in static conditions for the seven-day period. Since the oxygen was depleted in the system, the bacteria were not able to produce the enzymes effectively and so were unable to clear off the color effectively. This could be a reason for the variation in the percentage of decolorization [14] . Table 4 . Morphological characteristics of selected bacterial isolates.
Isolate Days
Percentage of decolorization of POME (%) in shaking conditions at room temperature for seven days. The percentage of decolorization (%) values are expressed as mean ±SD. Table 5 . Percentage of decolorization of POME (%) treated with the selected seven isolates in shaking conditions at room temperature.
The three selected potential isolates were treated with POME at two different temperatures under shaking conditions and were chosen for further investigation with pH, COD, and BOD. Among the isolates, DE-9 was shown to have the highest percentage of decolorization of POME both at room temperature and at 37ºC.
It The percentage of decolorization (%) values are expressed as mean ±SD. Table 6 . Percentage of decolorization of POME (%) treated with selected seven isolates in shaking conditions at 37ºC.
Percentage of decolorization of POME (%) in static conditions at room temperature for seven days. The percentage of decolorization (%) values are expressed as mean ±SD. Table 7 . Percentage of decolorization of POME (%) treated with selected seven isolates in static conditions at room temperature.
Percentage of decolorization of POME (%) in static conditions at 37ºC for seven days The percentage of decolorization (%) values are expressed as mean ±SD. of humidity also contribute to decolorization and were shown here as the reason why at room temperature POME was effectively cleared off by the organisms [15] .
The initial values of pH, BOD, and COD of POME were taken before the POME was treated with the selected potential isolates. The pH values of the POME treated by the best three isolates under shaking conditions at room temperature for the seven days of the period were measured using a standard pH meter. The original pH value of the POME was found to be 3.5. Fig 1. shown for the pH values of POME after treatment with the three isolates indicated that the pH was slowly increased. It was evidenced that the acidity of POME was significantly reduced after the treatment and until the end of day 7. This was probably due to the nature of the strains involved, which reduced the overall acidity of the POME. A perusal of the literature showed that soil-isolated bacteria such as Bacillus cereus, Bacillus polymyxa, Bacillus megaterium, and various other Bacillus sp were capable of breaking down the carbohydrate contained in POME [16] .
BOD and COD values were taken for the three potential isolates on days 3 and 7 of bacterially treated POME to confirm the decolorization done by the isolates. The significantly decreased values of BOD and COD indicated that the POME had been treated by these isolates, and the toxicity of POME was reduced by reducing the total dissolved solids. When BOD levels were high, dissolved oxygen levels decreased because the oxygen that was available in the POME was being consumed by the bacteria. The decreased level of COD here was a useful indicator to say that the isolates were significantly involved in the reduction of total dissolved solids. The COD results from Table 9 indicated the same as explained by Clair et al. (2003) [17] .
The use of aerobic bacteria in the POME treatment minimize the environmental pollution caused by the palm oil mill industry. Also, the production cost is less and easier to handle. And although it is time consuming, they comply with environmental regulations. We have done the preliminary studies on the strains from the soil to characterize them.
Conclusions
The disadvantages of physical and chemical methods of degradation and remediation are producing dangerous by-products that require intensive energy, and the processes involved are quite expensive. But the use of biological methods such as bioremediation or microbial bioconversion are less costly, more effective, environmentally friendly, and very safe overall. These micro-organisms are used to break down the organic materials contained in the effluent so as to clear the color and toxic wastes present in them. Hence, the three aerobic soil isolates -DE-9, DE-11, and DE-17 -have the potential to decolorize the POME optimized at shaken conditions and room temperature. If the characterization study on isolates could have been extended it would be useful to generate data on the area of bioremediation. Fig. 1 . pH values of POME treated with three potential isolates -DE 9, 11, and 17 -in a seven-day period. The values of BOD and COD are expressed as mg/l. Table 9 . BOD and COD values of POME (mg/l) treated with three potential isolates on days 3 and 7.
